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Movchan, B. A., Dzykovich, I. Ya. SOV/20-125-2-32/64 
ae 

On the Selective Penetration of Dissolved Elements 

From the Liquid Phase Into a Crack (Ob izbiratel'nom 

proniknovenii rastvorennykh elementov iz zhidkoy fazy 

v treshchinu) 


Doklady Akademii nauk SSSR, 1959, Vol 125, Nr 2, 
pp 354-355 (USSR) 


In the present paper direct determination of the concentration 
of the liquid enriched in the crack formed on the boundary 
between the phasesis carried out. The experiments were carried 
out on aluminm-copper- and aluminum-zinc alloyg,; which had 
been produced from pure components (99.995 #). Carrying out 

of experiments is described on the basis of a schematical 
drawing. The authors operated by means of the quantitative 

and qualitative absorption-microradiography. The essential 
feature of microradiography is based on the simultaneous 
microradioscopy of the sample (small plate) to be 
investigated and of a pattern on a fine-granular film. The 
following photometrization of the microradiographic pictures 
makes it possible to determine the chemical composition of the 
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given microstructure. The accuracy of the methcd of 
quantitative microradiography is +(10 £ 15)% of the 
quantity to be measured. According to the results determined 
py this method, the copper- and zinc-content in the crack 
ip considerably higher than the average value cf this 
content in the corresponding alloys. A microradicogram of a 
sample having @ erack recorded by means of iron radiation 
is shown in form of a diagram and the results of the 
quantitative radiography are given in a sable. In the cracks, 
which are in contact with liquid aluminun-copp"r alloys with 
2-9 and 7.8 % copper the copper content is avout equal to 
eutectic concentration. This also agrees well with the results 
obtained by metallographical analysis. The alloy filling the ' 
crack is of eutectic structure. With an increase of the zinc- 
and copper content in the respective alloys the tendency 
towards forming surface cracks diminishes. The selective 
penetration of the dissolved elements into the crack may be 
explained by 4 tendency towards establishing on equilibrium 
between the phases. The copper- and zinc-content in the cracks 

Card 2/3 agrees within the error limits with the concentrations 
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determined from the liquidus of the diagrams mentioned. 
There are 2 figures, 1 table, and 9 references, 8 of which are 
Soviet. 


ASSOCIATION: Institut elektrosvarki im. Ye. 0. Patona Akademii nauk SSSR 
(Ins titute of Electric Welding imeni Ye. 0. Paton of the 
Academy of Sciences, UssR) 


PRESENTED: December 7, 1958 by A. A. Bochvar, Acadenician 
SUBMITTED: December 2, 1958 
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K-10 
1.20 $/125/61/000/011/002/012 
DO40/D113 
AUTHOR: Dzykovich, I. Ya. 
TITLE: Investigation of the structure and crystallization processes of 


weld metal on austenitic chrome-nickel steels 
PERIODICAL: Avtomaticheskaya svarka, no. 11, 1961, 14-19 


TEXT: Data is presented on an investigation of the effect of cooling rate 
and additional alloying with Mo, Ta, Wand Mn on the structure and the crys- 
tallization process of X16f## 20 (Kh16N20), %16} 35 (Kh16N35) and X 20H 80 
(Kh20N80) alloys. A special wedge-shaped copper mold with double walls, 
between which water circulated, was used to imitate the welds. A thernmo~ 
couple and an oscillograph were used for plotting curves showing the depen- 
dence of the cooling rate on the wedge height. The included photo-micro~ 
graphs show the high effect that ‘he cooling rate has on the dimensions of x 
acicular crystallites. It was stated that polygonization depended on the 
cooling rate, the content of additional alloying elements and alloy type, 
eoge polygonization stopped completely in Khi6N20 and Kh20N60 alloys at a 
cooling rate of 40-2000C/sec with 2.5% Mo added to Kh16N20 and 14% to 
Kh20N80; however, on adding 10% Mo to Kh20N80, polygonization could only be 
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prevented by using a cooling rate of 170-200°C/sec. Welds were produced for 
comparison on Kh16N35 steel using the conventional subarc method, The struc~ 
ture of the welds was improved and het cracking reduced by feeding neutral 
wire into the tail portion of the pool. Reference is made to other data, 
proving that crystal lattice defects in weld metal and cast high alloys may 
be controlled by varying the cooling rate (Ref. 2: B. A. Movchan, "“Avtomati-~ 
cheskaya svarka", No. 9, 1960; Ref. 31 B. Ae Movehan, I, Ya. Dzykovich, 
"Vozmozhnost! upravleniya raspredeleniyem nesovershenstv kristailicheskoy y 
reshetki v litykh vysokolegirovannykh splavakh". The possibility of con- 
trolling the distribution of crystal lattice defecYs in cast high alloys], 
sb. "Nauchnyye doklady po teorii zharoprochnosti", M., 1961). The follow- 
ing conclusions were drawn: (1) The cooling rate in the root cf welds on 

the studied alloys is 3-4 times higher than in the top portion; (2) feed- 
ing a separate filler wire into the rear portion of the pool, raises the 
cooling rate of the weld root from 140 to 190°C/sec, and that of the weld 

top portion from 30 to 50°C/sec; (3) polygonization stopped in the Khl6NzO 
cast alloy containing 205% Ta, when a cooling rate of 40-200°C/sec was ap- 
plied; te obtain the same effect with 2.5% additions of Ta, W and Mn. 
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cooling rates of 40-200°C/sec, 100-200°C/sec and 120-200°C/sec had to be 
applied. There aro 5 figures and 6 Soviet references. 


ASSOCIATION: Oxdona Trudovozo Krasnogo Znameni Institut elektrosvarki im. 
Ye. O. Patona AN USSR (Electric Welding Institute "Order of 
the Red Banner of Labor” im. Ye. 0. Paton, AS UkrSsR) 


SUBMITTED: March 7, .1961 


Card aI “f 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4" 


"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4 


32958 
§/125/62/000/901 /G03/G). 
1-2300 1373 DO36/D113 
AUTHORS Kushiirenko, B. N, § Deykovichs Ista. 
TITLE: Some metallurgical methods of combatting hot crackinzs in 


welds on austenitic steels 
PERIODICAL: Avtomticheskaya svarka, no. 1, 1962, 14-19 


TEXT: Methods of preventing hot cracking in closed butt welds in nichrone 
austenitic steels of the 1X16W168T (1Kh)46N18T), 1X16H24T (1Kh16N24T) ana 
1X1eH9T (1Kh18N9T) types and in Hi (N1) commercial nickel, mainly by add- 

ing modifiers to the "cold" part of the welding pool are described. The 
experiments are a continuation of previous studies in which it was cenon- 
strated that the distribution of crystal lattice imperfections could be : 
controlled in cast high alloys. Welding was carried out with LALCHD va 
(1Kh16N9) 5 mm welding wire and an AH-26 (AN-26) lowsilicon flux at c00- 

650 amp and 36-40 vy, using reversed-polarity direct current and a ATC -24 
(DTS-24) two-arc tractor fitted with a device for feeding the filler wire 

into the "cold" part of the welding pool (fig. 1). Conclusions: (1) Medi- 
fying and alloying the weld metal can best be achieved by introducing 
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additives in the form of powder or solid filler wire directly into the 
"cold" part of the welding pool; (2) When the welding pool is ed by 
filler wire,the crystal structure is improved, the size of Lar 
erystals is T eodieed , the polygonization boundaries change, a: 2 number: x 
of hot cracks is reduced by 40-60%, even without modifying agents; (7%) 

é xe 

n 


Modification using cerium with simultaneous cooling of the welding pes 
duced the acicular structure and virtually eliminated hot cracking i 
welding 1Kh16N18T steel} (4) Molybdenum, introduced into welds in. 
1Kh16N187 and IKh16N247" type steels in the critical amounts of 1.6-1.%% 
and 2.3-2,5% respectively, and in the form of powder wire; supyressei the 
polygonization process, considerably refined the acicular 3tructure and 
eliminated hot cracking. Tungsten in critical amounts of 266-3225 had an 
almost similar effect; (5) A practical method was developed for eliminair- 
ing cracking in the weld crater. The method uses a modified twoear> 
welder, and consists in continuing to feed a second wire with ihe molyb- 
denum into the crater for a certain time after cessation of the feed uf 
the first wire. In addition to tnese conclusions, it was also found thar 
molybdenum and tungsten in the same amounts as given in (4) eliminate? bot 
cracking in fillet and T-butt welds. The addition of 9.1% of earium inte 
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welds in Nl nickel also eliminated hot cracking, as it removed sulfur from 
the solid solution, resulted in the formation of fine primery inclusions 
of the second phase, and retarded the polygonization process. There are 

6 figures and 5 Soviet ereferences. 


ASSOCIATION: Ordena Trudovogo Krasnogo Znameni Institut elektrosvarki im, 
Ye. O. Patona AN USSR (Electric Welding Institute "Order of 
the Red Banner of Labor" im. Ye. 0. Paton of the AS UkrSsR) 


SUBMITTED: March 29, 1961 
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Possibility of controlling the distribution of defects in the crystal 
lattice of high-alloy castings. Issl. po zharopr. splav. 9:243-248 
'62, (MIRA 16:6) 
(Heat-resistant alloys—Metallography) 
(Crystal lattices—Defects) 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4" 


"APPROVED FOR RELEASE: 03/13/20 


$ 


ACCESSION NR: AT4013928 8/2659/63/010/ 000/0052/0057 
AUTHOR: Movehan, B, A,; Dzy*kovich, I. Ya.; Nerodenko, L. M. £. 


TITLE: A new approach to analysis of the mobility of imperfections in the crystal lattice i 
in alloys 


SOURCE: AN SSSR. Institut metallurgil. Igsledovaniya po zharoprochny*m splavam, 
vy. 10, 1963, 52-57 


TOPIC TAGS: crystal lattice, crystal lattice imperfection, alloy, alloy crystal structure, 
crystal lattice imperfection mobility 


ABSTRACT: High energy nuclear radiation, plastic deformation and rapid cooling of alloys : 
from high temperatures (not exceeding the melting point) often lead to imperfections in the 
crystal lattice. The most important feature of the proposed approach to the analysis of the | 
mobility of imperfections in solid solutions is the fact that the diffusive motion of the dis~ 
locations is considered in continuous connection with the chemical composition and, conse~ 
quently, with the type of atomic action in the alloys. Data on the mobility of dislocations 
allow ‘one tojudge the rolative mechanical properties of alloys at high temperatures with- — 
out employing complicated and lengthy tests. The described method of estimating the 
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diffusive mobility of dislocations on the basis of a wedge-shaped casting is distinguished by 
. simplicity, rapid analysis and clarity and may be used with success for finding heat 
- resistant alloys on the basis of solid solutions, for selecting satisfactory welding alloys, | 


ete, Orig, art. has: 2 figures and 1 table. 
| ASSOCIATION: Institut Metallurgii AN SSSR (Metallurgical Institute AN SSSR) 


‘ 
t 
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| SUBMITTED: 00 DATE ACQ: 27Febé4 ENCL: 00 7 
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ACCESSION NR: AP5020772 es 


sintered in a furnace at 1450 C for 2 hours, with rapid cooling. One face of 


each sample was polished for examination. Results of experiments show that, in 
tungsten-nickel iron alloys, the introduction of iron has an effect on the mutual 
solubility of tungsten and nickel. In alloys containing iron, in comparison with 
tungsten nickel alloys, there is observed a contraction of the heterodiffusion fron 
The distribution of iron with respect to the tungsten grain remains constant, in- 
dependent of the composition of the alloy, and more uniform in spite of the solu- 
bility which is five times greater than the solubility of nickel in alloys with an 
identical ratio of elements. Orig. art. has: 4 figures and 2 tables 


isef $ ? 
ASSOCIATION: Institut elektroavarki im. E. O. Patona AN USSR (Electric Weld: 
ing Institute AN USSR $Institut problem materialovedeniya AN USSR (Institute 
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Diatribution of elements during the formation of ceramic metal 
alloys in the system W ~ Ni - Fe, Porosh. met. 5 no,8:62-69 
Ag '65. (MIRA 1839) 


1. Institut elektrosvarki imeni Patona AN UkrSSR i Institut 
problem materialovedeniya AN UkrSSR. 
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Studies in the field of friction materials, Report No.2. 
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J, Institut elektrosvarki im, Ye.0,Patona AN UkrSSR, 
Submitted April 13, 1965. 
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ORG: Institute of Electric Welding im. Ye. 0. Paton,AN UkrSSR (Institut elektrosvarki 
AN UkrSSR) ; 


TITLE: Investigation of microscopic chemical heterogeneity in weld joints 
SOURCE: Avtomaticheskaya svarka, no. 11, 1965, 5-11 Iv Yi 


TOPIC TAGS: welding, x ray analysis, alloy steel , weld evaluation, cooling rate, 
high strength steel, seam welding 

ABSTRACT: Localized x-ray analysis is used for studying the effect of cooling rate on 
the degree of chemical nonhomogeneity in welded seams of high-strength steel as a func 
tion of the content of basic alloying elements (silicon, manganese, chromium, nickel, 
molybdenum and tungsten) and also for determining the relationship between this non- 
homogeneity and the concentration of carbon in the seam, as well as the content of 
carbon combined with alloying elements. Electroslag, electric arc and electron beam 
methods were used to give a wide range of cooling rates. Welded specimens of KhGSN, 
Kh2GSNVM and Kh3M were studied. It is shown that the degree of microscopic chemical 
heterogeneity in the joints remains nearly constant throughout a wide range of cool- 
ing rates and variations in acicular crystallite sizes. The degree of liquation of 
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elements in the weld seams is considerably dependent on carbon concentration, nature 
of the impurity element and the system used for alloying. The ayeree of molybdenum 
liquation increases rapidly with carbon concentration 3 tungstert Shows ened less 


dependence, while the liquation of chromium?” silicon, manganese ¢land nicke his affect 


ed only slightly by an increase in carbon content. Molybdenum and yanadivm liquate 
out much more readily than cRremtin, aii taaee d manganese; nickel is not segregated 
in this manner at all in many cases. Further studies are needed on the development 
of chemical microheterogeneity in weld seams as a function of crystallization condi- 
tions, concentration and nature of impurity elements and alloying systems. Orig. art. 
has: 3 figures, 3 tables. - . 
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\ 
TITLE: Distribution of elements in the fusion zone during the welding of aluminum 
with steel cers 


SOURCE: Avtomaticheskaya avarka, no. 1, 1966, 10-14 
TOPIC TAGS: are welding, bimetal welding, aluminum, steel, phase composition 


ABSTRACT: ‘This distribution was investigated by means of microradiographic and 
x-ray structural analyses for cases of differen pre-welding treatment of both metals. 
Three types of steel-aluminum welded specimens Get out from fhe zone of transition 
from Al to ier ¢ were inve safe zinc-plated' steel St. 3 ‘(thickness of galvanic 
coating ~40 p 
Al alloy AMg5V 
aluminum AVOOO\tr reated with 2 and 5% Si); alitized steel 1 1KhL8N9T ‘With the alloy 
Atin6 (alitizing performed in pure aluminum AVOCO, with subsequent argon arc welding 
“with standard coated AMg6 wire). Findings; the welding of zinc-plated steel St. 3 with; 
| alumtnum ADI results in a fusion zone containing 38-43% Fe. The constitution ee 


automatic double-arc welding); steel St. 3 with th 


th aluminum’Ap1 
automatic argon arc welding, coated wire Tee containing pure 
i 
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shows that this corresponds to the presence of two phases in the layer: eae ’ 
located-fore closely toward iron, and FeAl.,, located more closely toward Al. Beiding 
with Si-treated coated wire electrode changes the phase composition of the we zone 
compared with the fusion zone of Zn-treated Fe-Al walds: the amount of the Fe 

phase decreases and the width of the intermetellide layer is insignificant. ue? 
silicon participates in the een of the fusion zone by narrowing the region of 
existence of the most brittle'phase Fe,ALc. As for the fusion zone of the welded- 
joint of alitized -- in pure AL -- steel. 2T FeMeNST with Al alloy AMg6, it was found 


to contain 'a lower (~24-25%) amount of “Fe, which accounts for the particularly high 
strength é this type of welded joint. Orig. art. has: 2 formulas, 6 figures.. 
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- ORG: Institute for Electro-Weldin jmeni Ye. O. Paton, AN UkrSSR (Institut 2 
' elektrosvarki AN UkrSsR) . S 
TITLE: Corrosion properties of welded joints of steel OKh21N6M2T 


| SOUNCE: Metallovedeniye 4 termicheskaya obrabotka metallov, no. 2, 1966, 33-36 


, TOPIC TAGS: alloy steel, welding, seam welding, corrosion, sulfuric acid, formic 
' acid, phosphoric acid / OKh21N6M2T alloy steel 


ABSTRACT: The corrosion stability of welded steel OKh21N6M2T joints in sulfuric, 

formic, and phosphoric acid at 4O--70C was investigated. The investigation was 

| carried out by x-cay and microstructural analysis. The experimental results are 

i presexped graphically. In addition, the element distribution in the & and 

! phaseswas studied. The composition of the phases was determined by the microanalyzer’ 

of Kameke. It wag found that in hot pascal 4 poian i media a structure-selectiva 
corrosion of tha metal occurs. The amount of i and Mo“dn the c¢ and ¥ phases . 

Gepends on the overall nickel content of the steel. Orig. art. has: 3 tables and 2 
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‘TITLE: Chemical micrononhomogeniety of cast alloys as a function of cooling rate 


iSOURCE: Avtomaticheskaya svarka, no. 8, 1966, 6-9 


TOPIC TAGS:- cast alloy, aluminum base alloy, copper base alloy, zinc containing 
jalloy, nickel containing alloy, cooling rate, metal crystallization 


ABSTRACT: Local x-ray spectral analysis is used for studying the effect of cooling 
irate on the degree of liquation of alloying elements in’dluminum-zinc (15 wt.% Zn) and 
vlkopper-niekel 5 wt.% Ni) alloys. The alloys were melted from 99.99% pure components 
in-alundum and steel crucibles 20 mm in diameter and 30 mm high. The difference in 
cooling rates was produced by using cold water, air or by furnace cooling. Some of 
‘the copper-nickel alloys were also poured into tapered water-cooled molds to obtain 
intermediate cooling rates. The cooling curves showed a pronounced inflection point a 
corresponding as a rule to the equilibrium liquidus temperature. This temperature 
was taken as the end of crystallization on curves where this point was not fixed. Thé 
jexperimental data show that the degree of liquation of zinc in the Al-Zn alloys and of 
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| i 
nickel in the Cu-Ni alloys increases sharply as the cooling rate is accelerated reach-| 


ing a maximum at comparatively low cooling rates (about 1-3°C/sec) where it remains 
| constant with a further increase in cooling rate. The development of chemical micro- 
4 


nonhomogeniety (dendrite liquation) during crystallization changes the composition of 
interdendrite boundaries and the temperature range of alloy crystallization. This 

| should have a corresponding effect on the technological properties of the alloy in 
this range. These data may be used for explaining the connection between the type of 
phase diagram and the resistance of the alloy to the formation of hot cracks. The 
composition of the dendrite axes in aluminum-zinc alloy is determined by the equili- 
brium solidus point and is independent of cooling rate over a wide range. Orig. art. 
has: 4 figures, 1 table. . 
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TITLE: The formation of Ticr, in welded joints of titanium alloy con ng 
unstable @-phase | 27 


| SOURCE: Avtomaticheskaya svarka, no, 12, 1965, 40-45 

tein. Ant. « : 
TopIC TAGS: titanium alloy, chrondlun containing alley, molybdenun containing alloy, 
aluminum containing alloy, wolding tochnology, welding inspection, seam we ng 
VT15 titanium alloy ) 

formed during welding of alloy VT15\ was investigated. The duvet eS ee 

lographic and electron microscope techniques. =) 
a 5 aderreg eee Te alloying elements was ee oe a eer SS agai 
ied out with the aid of microsonde "Kameka" as described by Kh. 
Satin dos gondes électroniques A une methode d'analyse ponctuelle chimique et 


1). The experi- 
i Thesis, Univ. Paris, ONERA, Publ. N. 55, 195 
Sau pie ace  aumarised in graphs and tables (see Fig. 1). It was established | 


| 

| 

| 

| 

: J4 properties of TiCr. 

“ | ABSTRACT: The formation, distributipn, and effect on the weld prop 2 
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Figs 1. Metal structure in the seam after isothermal annealing ‘up to 670C 
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for different time periods (x 250). a - 24 hours; b — 1500 hours, 
electropolished; o - 1500 hours, etched. 


that Tir, is jndeed present in welding seams 


of alloy VT15. To insure high impact 


strength of the seam, the latter must be quenched from a higher temperature than the 


base metal, ‘The separation of TiCre along gra 
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AUTHOR: Dzyub, I. P. 
“TITLE: Theory of exciton states in semiconductors 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 39, 
no. 3.(9), 1960, 610-615 


TEXT; A study of exciton states in a semiconductor allows a nunber of 
conclusions to be drawn regarding the electron band spectrum. xperiments 
have repeatedly proved that the electron energy spectrum in the region of 
the bottom of the conduction band has an exciton structure. Studies of 
photoeffects and theoretical studies have also confirmed the existence of 
excitons. It is shown here that.the method of Green functions mekes it 
possible to consider the problems related to excitonrsin semiconductors fron 
a uniform point of view. Compared with other methods, the one mentionel above 
has the advantage of being usable, at any temperature; such probless as 
exciton energy spectrum, light absorption, dielectric constant, diffusion 
and heat conduction coefficients, are properly dealt with using the two- 
particle Green function. The present paper is, however, restrictei to the 
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problem of an exciton in an undeformed lattice. A system of valence 
electrons in a crystal lattice is considered, whose nodes are alloxed to be 
at rest. The system of valence electrons can be generally describzd by the 


Hamiltonian _ 
H=QL(Ahataf++ 3) F(hhfdsafopa,a,, (1), 
hh hhhds 


which takes account of the interaction of electrons with the lattice nodes 
and amongst one another. The subscript of f determines the coordinates of 
the lattice point and the state of the electron in it. The electron tand 
spectrum can be determined from (1) in self-consistent field aprroxinetion. 
The problem consists in taking account of the correlation effects in the 
electron system, which considerably influence the character of the enerry 
spectrum near the bottom of the conduction band. These correlation effects 
are studied by using the two-particle (two-time) retarded and advanced 
Green functions according to N. N. Bogolyubov and §. V. Tyablizov (DAh 
SSSR, 126, 53, 1959), the equations where <..> = a-Isp(...e-8/8), 


Q = Sp at The majority of the physical quantities can be calculated b;; / 
the two-time correlation function <aF (4) apn tari (5! 8 u(t!) « The a 
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Pourier transformers of (2) and (3) coincide. These transfornars are ensils 
o)tained when using the equation of motion Hr the operators in Eeisenbers's 
representation. After several operations one obtains 


E{a7.a). ] aya >) = ara) Dep _ <a;.2,.) Spe + 
+ Zhay (Par a, | Me Y— Di Lay (fAXay.a,| ata_.)+ 


+ 3 (F (BE) — F iff) <a} 4,0} a, | ofa) — 


~ 4 (F (hits) — F (fafa) <aj-0,>€a a, | at.a,.); (4) Pee 
Le (fifa) = L(hfy) + 2 (F (fl'fef") — F (hil f*fs)} (j,2).). (ae 
ee . ere eee 


to derive it, the author used approximation 
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Con atl p= Cai, 0,>€07.0,,| 054,,)— Caz a) €a* a, | ata .)+ 

+ Capa, >€ap.a,,| apa,.)— €47,9€47,4),| OF.a..). ne ee 
fer the three-particle Green function. In terms of physics, this means 
teking into account the interaction of the excited electron with a hole 
fcrmed in the background of filled single-electron states. The soluticn o 
(4) reads 


(5) 


C254 | Og = Dy (E— EY Clty (FT) He (88), 


ry 


(7) 


Cant = Dy {605,01} Spats — COh.Ag,> Seat) Ua (fafa) Ha (Bua)- 
Bigalifs 


,. This 


with the normalization condition > u (ft£")u™ (£1£") = 6. 
fren Y v7 


result allows the conclusion that in the electron system collective oscilia- 


tions (i.e., excitons) are possible, the spectrum of which is determined oy 
the eigenvalues of 
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Bat FP) = a La (HF) uy EF") Zien (ui) + 
+ x {(F (FAP) — F (fifaE)) <ay'a,.y — 
—(F (PAth) — F (Aff) Cata,>) uy (hh), 


(3). 


Tee Green function (7) thus has a pole on the real axis. The eigenvalics of 
(6) depend on temperature through the mean value <a 82> . @uo concrete 


cases are considered, namely, the Frenkel! exciton and the Hott exciton. 
For the first case, the electron is assumed to be in the ground state Of 


and in the excited state 1g at the same lattice site 2; the de-enevacy of 
the latter state is neglected. Instead of (6) one thus obtains 


Ex (18, 08) = (Lay (18, 18) — Ley (OZ, O8)) u, (1g, Og) + 
+ DF (ve, Aes Ie, Og") — F ve", 18: 08", 18)) <a=0) — 
1 


R’. *, van, vg" og 
— LF (0g, 18; vg", Og’) — F (0g, 1g’; 08’, ve")| Casa pu (1 ogy. 5 
Card 5/10 NK eAvgr) U, (18, 08") -: pre ib Titian 
+ 2 MF (ve, 08's 18, 18°) — F (ve, 08's 1a’, Ie) cua, s — 
8’. g, vm0, 2 : va" og 
— LF (0g, Og’; ver, 18")— F (08, Og’; 18%; v8")} axa.) u (08. 18%. is) a: ge 
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and, for the exciton energy spectrun, 
£(R) = {jaz + F, (2)| are IF (R)! ga ke (9), where 


ie 
ty 


= Loge (és 1@) - Loge (08> 0g) describes the width of the energy gan, 
F (2) and F,(&) are the Fourier transforms of the functions 
P(g = @' 1) = (n, = n, )F(1é, og"; Of, 1@"), 


+ 
eu 


FA(\é = &' |) * (n, a n, )F(1G; 12"; Os, Og"), 


+ + 
an, * 8078 og» n, = @12542 * 
In the second case (Mott exciton), these excitom being in the ground state 
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; : 3 - 
at the site g is assumed to be in the excited state at the sit: f. Then, 
tie equation 


Ey, (1b, Og) = 3) Lay (th, th) uy (1h’, Og) — 
2 


— Dy Ley (08, Og") uy (1h, Og’) + 
“ 


See Pe ( \ 
+ 3} — QF(, 1h; th, Og’) —F(s, 1h’; Og’, 1h)] (al ag» — $19? 
g’, h’, amog*, 1b” 


—{F (Og, Ih’; 6, Og’}— F (Og, 1h’; Og’, 5)} Cajna@ey} wy (1h’, Og’) + 


+ D  tF(s, 0g’, th, th’)—F (6, Og’; th’, th) Karay,) — 
a’, h’, omg”, 1h” . 


—[F (0g, 0g’; c, Ih’) —F (0g, Og’; th’, c)]<ajna,>) u, (Og’, 1h’). 
is obtained instead of (5); the equation for u (Of, 1h) is analogous. ‘Then 


leaving only the two-center integrals of (10), then i: 
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-Eyity (Ih, Og) = SiLey(Ih’s Ih) uw (Ih’, Og) — - 
é 
— Yj Lun Og, Og’) uy (Ih, Og’) -+ LF (Og, 1h; 1h, Og) — (11). 
2’ Ms + 
—F (0g, Ih; Og, 1h)] (n)—n,) uy (Ih, Og), 
y= <doe4og)> n= <aindin)- 


In this approximation, the equations for the functions u_(1h, CZ) snd 
4 
¥ (08, ih) are not interrelated. For excitons with a large radius, the 


difference equation (11) can be replaced by a di ferential equation. in 
ronmentum representation, one obtains for the function a: 
E,ut, (p) = (2) (p — Bk) — e (p + ak)) 2; (p) — DV (p — p’)ay (p’), (12); 
P 
the disversion law for the electron in the conduction band anc in the x 
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valence band, respectively read: 


8(1) (p) = a Lig (Uh, Uh’) ea"), 
hh’ 


et) (p) = 5) Lay (Og, Og’)e~me-#°, 
a2’ 


(12) in coordinate representation reads: 
—_ 2 Low 4 
k 


2 
ry : es pi ae = ra 
Ey (r) = |AE + i ay iy om Alt, (r) - Vv (r)a, (r) 


where @ = Bo / Po + Bas b= AC + By)» p, are the effective masses, » ic 


the reduced mass, and AE is the energy gap. Thus, one has an ecuction that 
dascribes the discrete structure of the exciton spectrum. N. N. Bogolyubsv, 
S§. V. Tyablikov, and D. N. Zubarev are thanked for advice and discussions. 
There are 30 references: 15 Soviet-bloc and 15 non-Soviet-slo 

nost ‘recent references to English-language publications read 


S. Zwerdling, B. Lax et al. Phys. Rev. 114, 80, 1959; C. Horie, ofr. 
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4 

ABSTRACT: In the present paper the so-called exiton state in crystals is 


investigated with the aid of Green functions. N. N. Bogolyubov 
and §. V. Tyablikov (Ref 9) in recent times suggested an easy 
method of investigating problems of statistical physics by means 


of advanced and retarded Green 


functions. The present paper 


also bases on the aforementioned earlier papers by Bogolyubov 
and Tyablikov. By the method of Green functions it is possible 
to deal with the case T f O° K and to estimate the order of 

. approximation. If interaction of electrons with the lattice is 
taken into account according to this method, it is possible 
immediately to determine some kinetic coefficients relating to 
the exiton states. For the purpose of determining the spectrum 
of exiton states, the two-particle- (and the double-timed) 

Card 1/3 Green function ie determined. By means of the approximation y~ 
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used here, it ig possible to determine the energy spectrum, but 
not the width of the exiton levels. The author investigates a 
syetem of electrons in a lattice. In the most general of cases, 
this system of electrons is determined by the Hamiltonian 


4 + + 
H= >. U(t;f,)at a ae. ¥(f,f,f,f,)at at a, a, . The 
tt, 12 t, £; 2 etetst,' a Liat Pag Dat Pe 7 


index f here denotes the number of the node and the state of 
the electron on this lattice point. In an atomic semiconductor 
(of the Ge~type) the index f includes the number of the lattice 
point and the number of the zone. The problem consists in taking 
the correlation between the electrons which determines the 
character of the spectrum of the system of electrons near the 
bottom of the conduction band into account. For consideration 
of the electron correlation, investigation of the two-particle 
Green function suffices. Next, the Pourler-representation of 
this Green funotion and the splitting of the three-particle 
Green function is written down, In order to be able to solve the 
Card 2/3 equation for the above-mentioned Fourier-representation, an A 
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auxiliary problem is investigated. In the syetem under investi- 
gation elementary excitations are possible, the spectra of which 
are determined by means of the eigenvalues of an equation writ- 
ten down here. These excitations, by the way, belong (by ap- 
proximation) to the Bose-type. In the approximation of atrong 
coupling the just mentioned equation for the spectrum of a 
Frenkel-exiton certainly holds for the electrons in a lattice. 
If the excited electron passes over to neighboring lattice 
points, the eigenvalues of this equation are discrete. In an 
electron gas with Coulomb interaction the above equation deter- 
mines the spectrum of collective excitations. With T = O°K, this 
spectrum agrees especially with a spectrum determined by 

K. Sawada (Ref 6). The author thanks N. N. Bogolyubov, 

S. V. Tyablikov, and D. N. Zubarev for advice and for their 
interest in the present investigation. There are 14 references, 
6 of which are Soviet. 


PRESENTED: November 12, 1959, by N. N. Bogolyubov, Academician Y 
SUBMITTED: October 22, 1959 
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TEXT: A theory of resonance scattering by impurities is aeveloped. The 
shapes of the excitation and resonance luminescence spectra, their temper- 
ature dependence and other solid-state characteristics are studied. The 
theory is based on the following assumptions: The solid is considered a 
dielectric solvent containing impurities in such a low concentration that 
interaction between impurity centers may be neglected. An arbitrary dis- 
persion law is valid. The system consists of the solid solution" and the 
radiation field, the absorption range of the solid being far from the in- 
purity absorption range. The excited impurity level 1, be not degenerate, 


and far from the other electron levels, which are neglected. Resonance 
soattering of light, owing to the perturbation H' is described by 
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° 
1(ng)(N 2, Co XN, 1) (ns) (NG TN gut t)s where 1 denotes all the 


quantum numbers of. the ground states of optical impurity electrons. If 
this sequence of transitions is characterized by 0, 1, O', the transition 


probability amplitudes bo Das and don are given by aa 


b= exp{ —2}, : 
| by =0,, [exp {—t-+-4-(E,—,)} exp {—¥}] ns with 


4 


| 1= Fill Aol Fer), - (5) 
= 1] He [0 
¢.,= ‘ uel © (6), 
Ey Ey + ih 


: o> Boye 
The initial conditions are b, (0) = 6,5, i= 0, 1, 0'% ne: By (0)(0) 


2 E13(0)(0)? oy ) is the density of the radiation oscillators of the 
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feequeney 25 - {2 {Halo t? is the result of an integration of the 
1, 


square are element of H' with respect tow, over the solid angle and 
summation dver the polarizations of the scattered quanta. The expression 


eLearn o 
— W,, o,)= = He | tae phone Re, J dpe—thtet K(tt'p), 0) with Vv 


y= yp Oy saan iia’ M=|u Pane | He oh 


Kt) = De, [(#, 71) P, (08) ete rPa(tt’ye™}, (11) 


g aS = 4, [(A, +1) exp (—it’w,)-+-A, exp (it’o,) —(2A,+-1)], (12) 


ltt ey ewig, 


is derived for the scattering probability. g*(t) and Pe(tt') are obtained . y™ 
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from g(t') and Pi (tt') by substituting -t for t' and t! for -t, 
respectively. The width fof the ground level, defined by 


P=FGlAc[re@,). 67» | ai 


is proportional to the intensity of the incident: quantum flux. 9, and y 


‘are the wave functions of the optical impurity electrons and of the other 
electrons, respectively; ae denotes the displacement of the solvent 


nuclei from their equilibrium position, Uy, is the frequency of the normal 
oscillations of the solvent, n, the population of the phonon field. Eq. 


(10) determines the resonance scattering probability for arbitrary frequen- 
cy dispersion of the normal oscillations of the solution, arbitrary bat 
; 1 


v (oo) =F, [OTATIOH| 


and arbitrary temperature. For the excitation spectrum, 


NI, (#,)-- s i | : (16) 
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results, if 


FLEES! >1 (45) 


is fulfilled. The phonon part of the excitation spectrum, defined‘ by 


1 end =Ref 7 aaa ee a A 


e? 
Va ist. 3D+-3Ca  6Dat-+CaS Dat 
=e "(1+ as aa ] 


a== Qf, +A—»,, 


is thus Gaussian. If (15) is not fulfilled (Gow heat release), the ex- 
citation spectrum is a sum of Lorentz curves. The resonance luminescence 
spectrum is given by 


@ 7 : . 
S! (on) = | dyRe, { dxF (x, y), (21) 
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F (x, p)=exp on (terete) ~4/ Die Fcos He]. 


I, (2 Vb0) 


4°, 
(04, — 2}, + ol — mu)? +5 


4 


Si (on)? 3 fatza) (5 | 


or, if no deified dispersion is present, by _ ‘a 


b= PG ae c= Bite ” 


with a =a, I ‘is a Bessel function of \ll-th order of an ) imaginary 
3 St, 11 


argument. If (15) is not fulfilled and 28, | (n, +1) <1, 


bit’ | 
Slejae* 2 1 area Is! aca e 
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It is then shown that the shape of the resonance luminescence spectrum 

depends to a considerable extent on the shape of the irradiation spectrum. 

A. S. Davydov is thanked for discussions. There are 15 references: 

7 Soviet and 8 non-Soviet. The four most recent references to English- 
language publications read as follows: Huang Kun, A. Phys. Proc. Roy. : 
Soc. 204, 406, 1950; M. Lax. J. Chen. Phys, 20, 1752, 1952; R. Kubo, A 
Y. Toyozawa. Progr. Theor. Phys. 13, 160, 1955; G. N. Watson. Theory of 

Bessel Functions, New York, 1945. 


ASSOCIATION: Institut fiziki AN USSR Kiyev (Institute of Physics AS UkrSSR, 
Kiyev) 


SUBMITTED: June 29, 1961 
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AUTHORS: Dzyub, I. P., and Lubchenko, A. F. ; . 


ee ae ene 


TITLE: | Emission; ‘absorption, and seabaorstion of gamma qnanta by 


, ?¢ 
PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, v. 25, 


. impurity nuclei in solid solutions 


no. 7, 1961, 893 - 900 


TEXT: This paper was read at the XI Annual Conference on Nuclear 

Spectroscopy in Riga, January 25 - February 2, 1961. Emission and 
absorption probability of gamma-radioactive impurities are Getoureree in’ 
adiabatic approximation. It is assumed that the theory of the Mossbauer 

effect refers to translatory symmetry in the solid solution and that 

impurity concentration is low so that interaction between the impurity 

atons is negligible. The steady state equation for the solid solution. ' 
has the form H oV(Q sts R) = (E - E,)¥(qsr5 R) (1), where E, denotes the 


energy, of the fee eee field. The solution to this equation may be set: 
up as YC, R) =o no)" xm R), G2(9) being the wave function of all — 
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inpurity nuclei for the case where the excitation is characterizéd by the 
quantum number m and is localized to the i-th nucleus. The wave function 
of the system solid solution plus radiation field and‘ the REAP DPEane INS 
eigenvalues of enerey are obtainei in the form 


Diyny (vey = C. « « «) 4 (p) pu (7, A), (1). 
Ex yng (Ne) an Em tof ie + u} (Re) + Dros (rn, + 1), 


C, is, the wave function of the radiation field, In, > a wave function 
determined by the occupation number ni Qs Fs aa R refer to the nuclei. 


and electrons of the impurities and te the "solvent", respectively, Os 
Assuming the matrix elements of 1 py transitions (i f 0) to be smaller , 


thanthe matrixelement of the 1;—1, “eaastilion (which is considered here) 
the authors obtein the. ivi tus one for the emission probability: . 


A o . 
wi = [LEW] = [Lie Re\ due POA Fy, 


(10);. 
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H 


ye 
_ Rip) = -1 1S oxp { jos, ne — st) 


—|xi,,(" (de te of 


ad (amar) 3 na “ 


R = Syl, Phop. 
s 


< 


Ed = Bu - Eno + w, - wos L denotes the nuclear matrix element, D the 

c , 

momentum of the-gamma quanta. By splitting the integral in Eq. (10) inte 

two portions with limits |0, v | and iP » co}one can find Eq. (12) on 

ae 0 0 

condition (11): : 
‘ 


a (11), 
ae 5/6 | 2 Coy = i 
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7 asl 4 ; C,a3 Dt 
~~ R, Vo (8: om Py) = [1 + iy ees. Jee n). (12) | 
" 3pech ‘ ; 
‘ 1 fol . ’ 
B= ar Bim, Roth heyy ee 
Coa a ! mh 2 (ety, ; 
A etigeant | : 
. ra x1, peur Met us, ’ ny . 
con ile Sete aia Ry 
fio! aks 
n= [oxp =} 1] Fi 
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2a 4B ° 2.2 
x= —=r; 7 = 3 (x7) = \ dy cos xye77"Y 9 /4 is the function determinimg 


: ; 0 
the shape of the emission curve of a free nucleus in consideration of the 
Doppler effect. Condition (11) holds in the case of great heat liberation. 
Similar deliberations are made for small heat liberation. Conclusions: 

(1) The absorption and emission curves are Gaussian at high temperatures, 
with a Mossbauer line superimposed. In the energy spectrum, the MOssbauer 
line ig right of the maximum of the Phonon part in the emission spectrum, 
and left of it in the absorption spectrum. (2) The intensity of the 
Méssbauer line rises sharply with decreasing temperature. (3) High- 
frequency vibrations play a leading part in the interaction between nuclear 
transition and normal vibrations. (4) In the case of small heat libera- SX 
tion, the absorption and emission curves are a superposition of Lorentz 
curves of half-width [/2. (5) When the impurity atomsoccupy different 


sites in the solution and, accordingly, vw depends on the position of the 
atoms, the shape of the Méssbauer line will be determined by the expression 


2- 1 " ; 
"ie . pd\o . 27, * A short section of the paper is devoted to the 
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dependence of reabsorption on the thickness of the absorber and on the 
velocity at which absorber and emitter are relatively moving. There are 
14 references: 6 Soviet-bloc and 8 non-Soviet-bloc. 


ASSOCIATION: Institut fiziki Akademii nauk USSR (Physics Institute of the 
Academy of Sciences Ukr8SR) 
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AUTHORS: ‘ Dzyub, I. P., and Lubchenko, A. F. ~ = 


TITLE: — Resonance scattering of gamna qianta from nuclei in a ‘solid | 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, v. 25,. 
no. 7, 1961, 901 - 908 : 


TEXT: This paper was read at the XI Annual Conference on Nuclear 

Spectroscopy in Riga,, January 25 - February 2, 1961. The authors detera"’ 

mined the angular distribution and the spectrum of scattered gamma quanta,. 

as well as the excitation spectrum. It is possible to determine the 

frequencies of normal vibrations of the scatterer either from the spectrum 
of gamma scattering or from the intensity of the Mossbauer line, which , 

“ appears also for other than Bragg angles. In calculating the probability 

- of resonance scattering. several resonance-scattering nuclei are assumed to 
be among the.m atoms in an’elementary cell. The states of the scattere 

and of the radiation field are characterized by a set of quantum number§. 

1 fi. of» Where n, and Ny are the occupation numbers of the phonon and 


photon fields, respectively. On the assumption that the virtual transitéons 
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are negligible, the »rocess of resonance scattering may be considered as. 
OY. e + Sy in . aa ee he 

a sequence of transitions: 1 {ne riNg } — 1idny {Ny yr, ng} {Nop 1, 7 Me 


Nat th (1). ‘When these three st-tes are denoted by 0,,1, 0, and when ..j, 
bo Das Dory are the corresponding probability amplitudes, the: variation 
of these states with time can be =ritten down as 


{"s) : , . 


to. aig 
inby= 3} by OH [1.04 (2a), fe 
()o° : 
+ eB) : : +t gE) , Se 
+ tidy = dy A H'Oye4 +t DY be AH |O>e4 (26), * 
(niyo Peay in 
St BE) 
by = HOH |1ye2 -”; . (28) 5! 
{ 
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where H’ 18 the energy operator of the interaction between gamma quanta ‘and . 


t 
nuclei, E are the energies; eS. denotes the wave vector of the gamma quanta. 


The solution of systen,(2) has the form b(t) » exp{-l'/2n} and b,(t) 


= o(n,) [exp{-rt/en + sp, = EO} ~oxp{-yt/2hy |; ¢(n,) ~. <11H10> 


: * hod : aia 
, Bye B HOS . 


with the initial conditions b (0) = 1. The authors obtain the following 

expression for the probability of resonance scattering as dependent on the. 

frequency of the incident and the scattered light and on the scattering 

angle: M eOR—0;-0. ee elne : 

= 5 
Wor rN dp \ ad NT ee 
nn’jj’ Se ee) 
oOo «o i 


x |at ha exp {tee — 8+ Kyte) + Sina oxp{— io - ye+ : 


6 
+ Kr O+ + 1) a). 


Gy = Sine + Ya) (| Phyl + | Py fh, 
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Kj (0!) = Dy PoyPaeg (Cy + tye“ Mol 4 Fetheety, Rite 


re 
d, = eRe (pes Phage hs!" (Php — Ph.ye'Avaly, a 
, ' er .? 2 ’ 2, 2x . 2 = 
Notations s in (Zoey + see ia PY 95 (Neu + Wy 3 g(B)s : - 
Q(E) «= — 5 } the bar on top of the matrix element |L|* denotes ge 
(2x0) *n® oe 
integration over the solid anzle and summation over the polarization‘ of os, 
the scattered gamma quanta; AX° 2 RO, . 5 n indicates the coordinate ofthe a 
ie ° ’ ; as ei ac 
n-th scattering nucleus; to = (eden “Wi & = ~E + Tey sf is. the wave | 50 wn 


vector of the lattice vibrations, n, = (exp(hu/k?) - ae K,.(€) is a 

obtained by substituting -t and j’for t’and j in K,(t). Pay an 

= (Dp ¥,(s / 2. Nhe 1 a M, denotes the mass of the scattering nucleus, ; Pi 
Oj Jd J Gis 


By the momentum of gamma quanta of frequency Wy, ¥;,(s) the displacement of | i 


the j-th atom ina cell with n= 0. The excitation spectrum is found to. | 
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consist of a phonon part with a number of clear peaks and several 
Mossbauer lines of the half-width y/2. The structure of the scattering 
spectrum is analogous. N. N, Bogolyubov is thanked for discussions. 
‘There are 11 references: 3 Soviet-bloc and 8 non-Soviet-bloc. 


ASSOCIATION: Institut fiziki Akademii nauk USSR (Institute of Physics of 
the Academy of Sciences UkrSSR) 
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AUTHORS: Dzyub, I. P. and Lubchenko, A. F. 
TITLE: The Theory of the Méssbauer Effect 


PERIODICAL: Doklady Akademii nauk SSSR, 1961, Vol. 136, No. 1, pp. 66-69 


TEXT: In connection with the studies of emission and the absorption of 
f-quanta by nuclei in a crystal lattice, much interest ig displayed in 
considering the changes in the equilibria and the oscillation frequencies 
in dependence on the nuclear state. Particular importance must be attached 
to the criteria which determine the absorption- and intensity curves and ¢g 
to the criteria concerning the existence of MSssbauer lines. It is these 
problems that the present paper deals with. A-solid is investigated, in 
which f-radioactive impurity nuclei are contained, and in which the 
interaction between the impurity atoms may be neglected. The binding 
between impurity atoms of the solvent is determined by the magnetic moment 
of the impurity atoms which depends on the nuclear state of the impurity 
atom. Using adiabatic methods, it was shown that the equilibrium of the 
atoms of the solvents and the frequency of the normal oscillations depend 
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on the state of the impurity nuclei. The authors give the wave function of 
the system nucleus + solvent + electromagnetic field in adiabatic approxi- 


mation: 
Gin No * ¥IN,> S| a> (1) 
¥y are the wave function of the nucleus and the electrons in the state 
1. [n> and [ND are the wave functions of the lattice vibrations and of 
the emission field. The operator 3 gives different equilibria of the 


solvent nuclei for different nuclear states. In this case Sy 


=- oxo oe - »,)} (2) holds, where far 1s the shift of the nuclear 
coordinates, bt and db, are the phonon production- and annihilation 


operators. Proceeding from (1), the emission of Y-quanta by an impurity 
atom in the transition ad 1 is investigated, and for the total 
emission crosa section of the }-quanta the relation 0, () oar oW (8) (4) 
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W, (E) ad Re exp{ix (E —E) — Be t+ & ) dp; 
cy 


Saeenneeneeietinntinnennan 


is obtained, where 


« E; = Fo + > Mt, (ids, — fia,:,); 


Bol) = D1 Ban ger Cae, + 2) oath gy eRe, — Or, — 1); 
a 4 


Here, o is the total resonance absorption cross section for } -quanta by 
a free nucleus, 24 is the energy difference between the excited and the 


ground state of the impurity atoms in consideration of its interaction | 
with electrons and the solvent. The calculation of W,(e) for high and low 


temperatures is dealt with in great detail. From the analysis of the 
results obtained, the authors conclude that in consideration of the changes 
in the equilibrium of the nuclei and the normal frequencies of the lattice, 
the M8ssbauer lines shift with the temperature by the quantity AE 


=o Bois (Fo, | - My) The absorption- and emission maxima ind ata 
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distance from the Mossbauer lines, which corresponds to the recoil energy 
of the nucleus. The-authors thank N. N, Bogolyubov and M. Y. Pasechnik 
for discussions and for their interest. There are 9 references: 4 Soviet, 
2 German, and 6 US. 


ASSOCIATION: Institut fiziki Akademii nauk USSR (Institute of Physics of 
the Academy of Sciences of the UkrSsR) 


PRESENTED: July 22, 1960, by N. N. Bogolyubov, Academician 
‘ SUBMITTED; July 6, 1960 
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ence gt COLT C IIE a5, 
TITLE: Resonance scattering of gamma rays py impurity atoms 
in solids 


PERIODICAL: Unreyane Ay fizychnyy zhurnal, v. 7, no. 5, 1962, 
457 - 468 


maxyD: The authors calculated the excitation and scattering spectra 7 
of gamma rays by impurity nuclei, allowance being made for changes 

in the frequency of normel-mode oscillations of the solid solution, 
and in the equilibrium positions of the impurity atoms in the case 

of large as well as small heat-release. It is assumed that the in- 
purity concentration is low, so that the interaction between the 
impurity atoms can be neglected. In the adiabatic approximation, 

the wave functions and the corresponding energy values of the sys- 


tem are: a 
a wid @) 


| toes 
cara 1/4 Expy ngret eg tM@a+Evet(ntg)— eee) 
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where qh is the internal energy of the impurity atom; Py. - the 
energy of the radiation field; vi (R,) - the potential energy of the a 


x 


solid solution; we - the frequency of the s-th normal mode; Et - 


the displacement of the atoms from the equilibrium position. An in- 
tegral formula is obtained for the probability W of resonance scate 
tering. The excitation and scattering spectra are calculated under 
the following assumptions: a) The spectrum of the incident gamma 
rays is constant in the phonon part of the absorption spectrum; b) 
the energy of the gamma rays is much higher than the width of the 
ohonon vart. Formulas are obtained for the excitation- and scatte- 
ring spectra. It is concluded that 1) Under assumptions (a) and (bd), 
the excitation spectrum coincides with the absorption spectrum of 
gamma rays. With large heat-release, the shape of the phonon part 
of the svectrum is close to a Gaussian curve, with a strong line o2 
natural width (Méssbauer's line) on its longwave wing; the intensi-~ 
ty of this line decreases fast with increasing temperature. With 
small heat-release, the excitation spectrum is the sum of Lerentz 
curves. The position of the entire spectrum changes with temperatu- 
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re. 2) The scatterin spectrum does not generally coincide with the 
radiation spectrun, Vander assumptions (a) and (o)). With large 
neat-release, the scattering spectrum coincides only at the wings 
with the radiation spectrum or if the viewing angle is 909; w8uss— 
bauer's line is towards the shortwave side from the naximun of the 
phonon part. With small heat-release, the scattering spectrum dif- 
“arg little from the radiation spectrum: réssbauer's line is pre- 
sent, whose intensity varies with temperature (as in the case of 
the excitation spectrum). If the spectrum of the incident gamma-rays | 
has the shape of a Lorentz curve with maximum at the point Dron \ 


and nalf-width Yj); then it is impossible to determine the scattering 


spectrum in the general case: Therefore the authors derived a for- 
mula for "soft" gamma-rays only (with energies of several kev.). 
e first tern of this fornula represents Méssbauer's line, whereas 
the other terms represent inelastic scattering of gamma-rays which 
is accompanied by phonon creation or annihilation. There is 1 figu- 
re end 7 references: 4 Soviet-bloc and 3 non-Soviet-bloc (including 
1 translation). 
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AUTHORS : Dzyub, I. Ps, and Lubchenko, A. F. 
OOOO 


TITLE: Effect of forced orystal vibrations on the spectrum of 
scattered y quanta . 


PERIODICAL: Akademiya nauk SSSR. Doklady, v-> 145, no» 1, 1962, 73-75 
; d 


puxts The single-phonon peaks in the spectrum of scattered y quanta can 
be considerably intensified by forced crystal vibrations imparted e.g. by 
a quartz ultrasonic resonator. A study of the Rayleigh diffusion reveals 
the following: when & ¥ radiation with narrow energy pand containing 
MOssbauer lines impinges on the scatterer, & Méssbauer line is observed 
only under a Bragg angle determinable from the conditions 4, - O, 0 


and ‘a - ky = x, where 4 ia the frequency of the Mossbauer quanta and 

Oy is the soattered-lignt frequency. Observations made at another angle 
(k,, Kk, - mg = K) showed narrow bands 4), = 4) + my in the spectrum of 
the Y quanta. Wa ie the lattice vibration frequency. The ratio between 
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relative line intensities of scattered y quanta is 2nlal/a where d is the 
lattice constant and, @ the amplitude of the lattice vibrations. 
Academician N. N. Bogolyubov is thanked for discussions. There is 

1 figure. 
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SUBMITTED: February 10, 1962: 
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_ AUTHOR: Deyuby TPs b4- 
_ TITLE: Sum rule in the theory of excLton absorption of light bL : - 


SOURCE: Finika tverdogo tela, Ve S, no. 6, 1963, 1577-1585 


{ 

TOPIC TAGS: exciton absorption, sum rile exci ton-phonon interaction, impurity | 
centers, absorption curve 

H 


ABSTRACT: The author has sought to obtain an expression for the probability of | 
light absorption, taking into account the exciton-photon interaction. He has % 
found a method of determining the sun rule, that is, the moments of the exciton- 
absorption curve, and he has obtained values for the first four monents of the 
curva, investigating than for temperature dependence. Consideration of the 
exci ton-phonon interaction gives rise to asymmetry in the absorption curve. In 
comparing these theoretical results with the experimental, the author found it 
necessary to normalize the area under the curve (of an exciton absorption band) te 
unity. Investigation of the 3rd-order moment for temperature dependence is 
especially important, for such dapendence indicates that an investigated 
_ transition corresponds to a free exciton rather than to an Ampurity center or 
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localized sxelton, The first moment of the curve depends essentially on bo- 

havior of the curve on the "limbs," and it is hence important to examine these 

regions carefully. It is also essential that the investigated band dees net : 

overlap any other absorption band. “In conclusion I wish to thank 4.3. Davy#dsyv__) 

for his interest in the work and for valuable discussions," Orig, art. has: 
' 30 formlas. 
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"AUTHOR: Deyub, I. P.; Lubchenko, A. F . IG 


: oY 
TITLE: The method of temperature Green's functions in the theory of the 
Mossbauer effect yon impurity nuclei 


SOURCE: Zhurnal eksper, i teoret, fiziki, v. 44, no. 5, 1963, 1518-1524 


TOPIC TAGS: Mossbauer effect, probability, temperature shift, temperature Green's 
functions ; 


ABSTRACT: The probability of the Mossbauer effect for an impurity nucleus in 
solid solution and the temperature shift of the Mossbauer line are determined by 
the method of temperature Green's functions. The study of the Mossbauer effect 
for impurity nuclei in solid solution is of interest because it offers sane 
pobssibility of changing the intensity of the Mossbauer line from a single 
radioactive nucleus by suitable choice of the cryatal-solvent. The method of 
temperature Green's functions obviates the need for solving the dynamic problem 
for a substitutional solution. General equations are obtained for the 
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ACCESSION NR: AP3000044 a, 


probability of the Mossbauer effect and for the temperature shift of the line 
in terms of the parameters of the ideal solvent lattice and the mass ratio of 
the impurity and crystal-solvent atoms, as well as quantities characterizing the 
interaction of the impurity atom and the atoms of the solvent. Specific 
computations are made for a monatomic cubic crystal~solvent in the Debye 
aprroxiration, The computed values of the probability and of the texperature 
shift are compared with the available experimental data. "We thank N.N. 


___Bogolyubov for valuable comments and his interest in the work." Orig. art. has: 
2 figures and 23 formulas. 
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AUTHOR: Dzyub, I. P. 
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TITLE: - Inelastic incoherent scattering of slow neutrons by unordered solid 
solutions ; 


SOURCE: Fizika tverdogo tela, v- 6, no. 6, 1964, 1666-1882 


TOPIC TAGS: neutron scattering, s011@ solution, Green function, incoherent 
scattering, Mossbauer effect 


ABSTRACT: The author used the Green function to formulate a regular nethod of 
investigating the indicated scattering. He examined single-phonon incoherent 
scattering of slow neutrons by binary unordered solid solutions. An expression, 
ropresented by a series of concentrations of one of the components, wa3 cotained for 
the differential effective scattering cross section of neutrons. In «considering 
only the difference in masses of component atoms in the solution, the author made & 
detailed study of low concentrations. Peculisrities in the cross sestion of 
inelastio neutron scattering by nonideal crystals mist be expected when the force 
constants change during replacement of atoms in the crystal matrix by impurity 
atoms, Indirect support of this is found in the characteristic temperature 
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dependence of NMdssbauer line intensity for impurity nuclei: when quasilocal oscilla- 
tion occurs at a temperature considerably below the Debye temperature for an ideal 
lattice, the intensity of the Méssbauer line falls exponentially with temperature, 
whereas, with local oscillations, the temperature dependence of the MUssbauecr lino 
is weak, even at temperatures greater than the Debye temperature of an ideal crystal. 
At present, however, detailed investigation of peculiarities in the oscillation 
spectrum of nonideal crystals is possible only by means of inelastic scattering of 
slow neutrons. The best material for such a study must be vanadium with impurity 
atoms of tin, because coherent scattering is very woak here and the force constants 
remain practically unchanged during replacement of vanadium atoms by tin. Orig. 
art. has: 3 figures and 52 formulas. 
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ACCESSION NR: AP5021114 ~-uR/0056/65/049/002/0493/0499 _ 
—— 
AUTHOR: Dzyyb, I. P. fee 
enema i 


? 19 
TITLE: The role of rotational states in the scattering of slow 


‘SOURCE: Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v. 49, 
no. 2, 1965, 493-499 


‘TOPIC TAGS: neutron scattering, neutron spectrum, scattering cross 
Section, small angle scattering, molecular physics 


‘ABSTRACT: This research was motivated by the fact that no regular 
method has been proposed as yet for finding corrections to the 
Krieger-Nelkin formula (Phys. Rev. v. 106, 290, 1957) for the double 
differential cross seation of neutron-molecule scattering in the re- 
gion of momentum transfers where this formula gives the main proper- 
‘ties of the spectrum of the scattered neutrons, nor is there a simple 
formula for the neutron spectrum in the region of low momentum trans- : 
fers, where the quasi classical formula 1s not applicable. To this | 


Card 1/2. ee pesnciste Se see £2, Mea eae 
; ies naan sila Ss Ec Mos Sue : : OP Os 1409 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4" 


"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4 


"LL 5352-66 ones = We ah note ee 
ACCESSION NR: AP5021114 | ) : 
‘end, the author uses the Zemach-Glauber formalism (Phys. Rev. v. 101, ; 

‘118 and 129, 1956) to calculate the differential cross section for 
‘the scattering of slow neutrons by gas molecules. The limits of ef Pe 
‘applicability of the Krieger-Nelkin formula are examined and it is 
‘shown that’: this formula is not applicable either low or high momentum; 
‘transfers, only at medium momentum transfers. The differential cross | 
coetion for low momentum transfers is then calculated. The results | 
‘agree with experimental data on small-angle scattering. Orig. art. 

has: 14 formulas 
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Author ¢ Dayuba, A. | 

Title : Radio receiver TPS-54 (T/ C~54) 
Periodical : Radio 4, 21-24, July 1954, 


ma Abstract : A relay receiver of the "TPS-54" type, designed for installation in radio 

: centers and at special receiving points, is described. The receiver operates 
on one long-wave band, ons medium and four short-wave bands. The range of 
frequericies and the other parameters of the receiver, such as its sensitivity, 
selectivity and its output power, as well as the AVC and tone-quality control 
systems, are set forth in particular. The receiver can be fed froma 110, : 
127 or 200 volts line. Power consumed is not over 50 watts. Detailed descrip- 
tion of the following items 1s given: 1) Input circuits and R-F amplifier; 

2) Mixer and first heterodyne; 3) intermediate-frequency amplifier; and ) 
Detector and A-F amplifier. The general design, data on coil winding wires, 
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is Abstract : and chassis layout are featured in the article. The method of reception on 
two "separated" antennas is also described, Illustrations; diagrams (includ+ 
ing a general cirucit diagram); table. 
Institution : ... 
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DZYUBA, A. S., and GAYEL', A. G. 


Afforestation of the semiarid dunes of the Caspian Sea Area. Les. khoz. 
5, No 6, 1952. 
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AUTHORS: . Dzyuba, A.S,, Kantor, P.B. 


TITLE: 


PERIODICAL: 
ABSTRACT: 
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cha nee edt 
A Semiconductor Thermocryostat for Checking Reference 
Thermometers 


Izmeritel'naya tekhnika, 1959, Nr 11, pp 39-40 


Checking reference thermometers in the range of + 20 
to - 20°C is connected with considerable difficulties, 
since there are no suitable and reliable thermostats 
for this temperature range. A thermocryostat was de- 
veloped for checking reference thermometers at the 
Khar'kovskiy gosudarstvennyy institut mer i izmeritel'~ 
nykh priborov (Khar'kov State Institute of Measures 
and Measuring Instruments). Cold is produced by a se- 
miconductor thermopile produced by the Leningrad Sov- 
narkhoz. The capacity of the semiconductor thermopile 
is adequate to keep the temperature at - 20°C when 
checking four thermometers simultaneously. A tempera- 
ture regulator is used, which keeps automatically the 
temperature at the required level. The temperature 
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A Semiconductor Thermocryostat for Checking Reference Thermometers 
transducer is a MMT thermistor which is one arm in a 


balanced Wheatstone bridge. The other arm is a varia- 
ble resistor with a step-adjustment to 24 settings, co- 
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* AUTHORS: Iosel'son, G.L., Dzyuba, A.S. 
TITLE: -Thernistor temperature control ; 
PERIODICAL: Iameritel'naya tekhnika, no.5, 1962, 23-24 
TEXT: The authors describe a conventional temperature control 
using a thermistor bridge and double-triode vacuun-tube amplifier, 
in which the tenperature is maintained to within + C,01L°C. The 


Soviet thermistor type MMT-4 is used, Reproducibility of 
temperature ist0.02°C. There is 1 figure. 
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